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SYNOPSIS. 
Correlation coefficients between wind velocities at the surface and 

those at various heights up to 3,000 meters have been computed from 
kite records made at Broken Arrow, Okla., Drexel. Nebr., Ellendale. 
N. Dak., Groesbeck, Tex., and Royal Center, Ind., after first classi- 
fying the data by surface wind direction. In all cmes where the 
correlation coefficient showed a significant value of 0.50 or more, with 
a relative1 small probable error, the regression coefficients were 
determinezfor computing the velocities aloft from those at the surface. 

The residuals for each group (i. e., each surface direction for which 
a correlation coefficient of 0.50 or more was obtained), when the ob- 
served velocities were subtracted from the computed, were found to 
be ractically indentically distributed and were therefore regarded 
as Zomogeneous. In view of thk. they were all grouped toget.her 
and a frequency polygon drawn. This eshibited a slight Rkewness 
and therefore the nornial curve of error was not strictly applicable. 
ThiR is shown, however. in the diagram. A smooth curve wm fitted 
by inspection, since i t  was thought. that all practical purposes would 
be served by merely ahowing graphically the degree of probability of 
a certain variation in the computed velocity from the actual. The 
arithmetic mean (disregarding signs) of t.he residuals w a ~  found to 
be 3.5, the median. zero class, and the modp. +2 claw. 

INTRODUCTION. 

Increasing interest is bein manifested as time goes 

to the steady advancement being made in aeronautics 
and the consequent demand for meteorological infor- 
mation. Any possible short and direct methods of 
determining esistin conditions aloft are. therefore 
urgently needed. 8onsiderable progress in various 
branches of meteorology is being made under this pres- 
sure of demand, and the outlook continues encourag- 
ing. Much of this progress, however, is limited to 
our ability to obtain numerous free-air observations, 
and this ability in turn to the available funds for carry- 
ing on the work. 

on in weather conditions in t a e free air, due principally 

OBJECT AND METHOD OF THE STUDY. 

The determination of the linear correlation between 
two variables serves as a basis for the Ieasb-square 
computation of one rariable in terms of the other. 
Obviously then, free-air wind Velocities can be det,er- 
mined, within limited degrees of accuracy, if a signi- 
cant degree of correlation exists between them and the 
velocities at  the surface. This principle is beinv suc- 
cessfully applied in various branches of me teororobgical 
investigation, such as in predictions of morning mini- 
mum tern eratures froni the de ression of the dew 

mates of crop yields from monthly rainfall distribu- 
ti0ns.l So far as known this method has never been 
used, however, in computing free-air wind veloc.ities 
from those at  the surface. 

Coefficients of correlation for surface and upper-wind 
velocities have, however, been computed from a compara- 
tively small number of observations made at  Avesnes 
le Comte and St. Omer in France. These values were 
close to 0.75 (the probable erro1.s not given) when 
surface winds were correlated with those at  various 
heights up to 3,000 feet. No classification by wind 
direction was made in these, however, there being 
available only some 30 and 60 pilot-bnlloon observa- 
tions, respectively.? 

Many em irical methods have been suggested €or 

ever proved of sufficient reliability for practical pur- 

' 

point at t fl e preceding evening o \ servation; and esti- 

computing t R e velocity aloft but probably none has 

1 Smith, J. Warren. YO. WEATHER REV., SUPPLEMENT NO. 10, 1920. 
a TIM C ~ ~ ~ U C C T ' J  Handbmk. m. 0. a, sectlon V, p. 67. 

poses. Nearly all have been based on only a few ob- 
servations and when used give esceedingly inaccurnte 
results for individual cases. 

Velocities a short distance above t-he ground may 
be computecl from the f ~ r m u l a , ~  

where T' is the velocity (m. p. s.) of the wind at the 
height H (about 16 meters) above ground, computed 
from the known velocity at  the height h (2 to S meters) 
above ground. 

The equation, /A\ 0.25 

TT-=(K) , 
was found by Douglas to fit his Observations for heights 
between 100 and 600 met.ers fairly well. 

Shaw5 suggests as a likely formula, 

in which T' is the velocity at t,he height A above ground, 
TI,, the observed anemometer velocity, and a a constant, 
obviously dependent upon surrounding topography, 
anemometer exposure, and perhaps other factors. The 
formula is sup osed to apply only until the gradient 

In  addition to these and numerous other empirical 
equations, mention should be made of the expressions 
obtained by Taylor and others from the hydrodynamical 
theory of turbulent motion. 

The writer has computed the correlation coefficients 
between velocities a t  the sudace and those at  various 
levels up to 3 kilometers above mean sea-level (M. S. L.) 
classifying the winds according to surface direct.ion. 
Those having a significantly high coefficient of correla- 
tion (0.50 or greater with a probable error less than 
one-sixth of the coefficient) were segrevated and the 
regression equat.ions determined from wkch the u per 
wind velocity is computed in terms of that a t  the su r f  ace. 

Kite records obtained a t  Broken Arrow, Okla., Drexel, 
Nebr.; Ellendale, N. Dak.; Groesbeck, Tex.; and Royal 
Center, Ind., were used and classified by surface mnd 
direction. The four cardinal points, N., k., S., and W., 
were regarded as sufficient for the purpose but where 
the number of available observations for these directions 
was too sniall to give a reliable coefficient of correlation, 
the adjacent directions (to 16 points) were included in 
sufficient quantity to brin the total number up to that 

in figure 1 by brackets inclosing the directions which 
were so grouped. 

according to the various quadrants of hi h and low 
pressure areas in which they were made. ! h i s  may be 
true, but such a classi5cation would re uire a much 

!$eveloped HIGHS and LOWS could be used. Further- 
more, the quadrant classification would defeat the essen- 

velocity is reac K ed. 

necessary to give a depen J able value. This is indicated 

% would have resuked if the records 5 ad been classdie 

reater nuniber of records since only t 1 ose in well- 

I t  has been su aested t.hat possibl a better groupin 

* Stevenson, Jr. Scot. bfrtr. Sot., p. 348-1880. 
4 Naturr 33 593 1885. 
GAdr dm$& -4&0. R. & M. No. 9, p. 8,1909. 

'8 Phil. Tram., V. 214 p. 1,1015. 
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B: 

respectively. The equation of the straight line defined by 
the coefficient of correlation and expressm the direct rela- 
tion of the surface and the upper wind ve s ocity is1 where 

BS 

-- 

3 
direction are known. In t i e other case it would be 

and, second, because of the seasonal lag in ve Y ocities as 

tial end desired, vir, the possibility of readily computi 
the velocity aloft when onl 

necessary to know the surrounding surface-pressure 
distribution. 

The spring and winter seasons and summer and au- 
tumn seasons were taken together, first, because of the 
insufficient number of observations in any si le season, 

shown in the means, autumn velocities being less than 
those in the spring. 

The midway direction through which the surface wind 
turned during the kite flight was taken as the surface 
direction in this classification. Pilot-balloon records 
were not included in this study, but it is hoped to incor- 

orate these data in a s i d a r  study some time in the 
future. 

The correlation coefficients were computed by the 
usual formula, viz . 

no, uy ’ 
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r,  is the correlation coefficient, z, the surface wind ve- 
locity,.y, the upper velocity. cr, and u , the standard 
deviations of the surface and upper wind velocities with 
respect to their arithmetic means, respectively. For 
practical purposes as explained by Yule * it is more con- 
venient to express the equations in terms of the absolute 
values of the variables rather than the deviations; there- 
fvre re lacing z by ( X  minus the arithmetic mean of 2, 

arithmetic mean of y, for each particular grout of y’s), 
thereby changing the regression equation, y= z, to the 
ordinary form of an e uation for a straight line, y = bz + a. 

for s ring and winter at Drexel, Nebr. Let it be desired 

height of 1,000 meters (M. S. E.) ma be computed from 
the surface velocity when the wind Tkection is from the 
south. The velocities at the surface and the corres ond- 
ing velocities at 1,000 meters (M. S. L.) are tabulate B a: in 
Table I, the surface velocities being designated z and the 
upper velocities . The departures of each value of z and 
y are then foun d from their respective arithmetic means 
and are tabulated under the columns headed A and B, 
res ectively. 

for eac t particular group of z’s) and y by (Y minus the 

As an illustration, 1 et us take the south surface winds 

to o IY tain an equation whereb the wind velocity a t  the 

%us we have when substituting in equation ( l ) ,  

in which the 2’s are the series of deviations from the 
arithmetic mean of one series and the y’s the correspond- 
ing deviations from the arithmetic mean in the other 
series. In this case the surface velocities correspond to 
the 5’s and the upper velocities to the y’s. 
In each case where the correlation coefficient was found 

to be 0.50 or higher with a relative1 small probable 

equation is of the type, y = bz; the regression coefficients 
are determined by the equations, 

error, the regression equation was (9 etermined. This 

QX 

QY 
b , = r - ,  

as the value of the correlation coefficient for these data. 

(3) 
~~ 

f Marvin C F Yo W!ZATJ~EB REV. October 1816 567. 
8 Yule, d. e.: ~nrroduetion to lhc tlimry ofstatis,t& p. i70. 1916. 

TABLE l.-Cbmpztfation of eorrelnlion coeJicient for wild velocities at the siciface and t h e  at 1,000 news above sea level at Drezel, Nebr. ( ~ r f a e s  &ec. 
tion, south) spri7tg and winter. 
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The probable error of this coefficient is, 

(5) 

where, n is the number of observations upon which it is 
based. Substituting in Iormula (5), we have, 

1- 4900 P. E. = 0.674 --I- f 0.04 477 
Since it is desired to compute the upper wind velocity 

or y, in terms of the surface velocity or x ,  equation (3) 
is used? 

Therefore the regression equa tion y = bz, becornr.; 
U y = T x ,  
Qx 

(4) 

Substituting the coniputed values from Tuhle 1 in equa- 
tion (4). we have 

5.60 
2.70 y = 0.70-1: or 

But in order to obtain an equation of a straight line in 
the usual form,l0 i. e., y = b z + a ,  we re lace z in equation 

and y by Y- 14.4 (the rtrit,hmetic mean of the upper 
winds), as found in Table I. Then subst,it.uting in qua- 
tion (6)  we have, 

I-= 1 . 4 5 s + 4 . 5  (7) 

(6) by S - 6.8 (the arithmetic mean o P the surface windsj 
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It must be understood, of course, that the law of reln- 
tion re resented by the equation is purely an arbitrarj7 
one an: applies on1 to conditions within the range of 
the records discussei. The degree of depeiideiice which 
may be given the results obtained by these equntions 
will be discussed later. 

The above procedure has been carried out in a like 
manner for other stations and cases, but, as already 
stated, the re ession coeffic.ients have been found only 

*th a small robable error, as useful results coul not 

Figure 1 shows these results graphically for Dresel, 
Nebr.: and a little study of this chart will make compari- 
son simple. In  order to assist .in this respect? super- 
posed bars, yi th  lengths proportional to the correlation 
coefficient, have been dram to visualize the degree of 
correlation for the various altitudes and surface directions. 

The correlation coefficients together with their prob- 
able errors are shown adjacent to the surface direction 

d when the coe Fi cient of correlation was 0.50 or hi her, 

be espected w 1 ere only a poor or no correlation esistecl. 

which they apply. 
which 2 =surface velocity :m1 

corn uting tlie upper wind vthci- 

a significantly high value of 0.50 or 
R with t e correlation coefficient when- 

more. 
The figures in parentheses inclicate the number of 

observations upon which the correlation coefficient is 
based. 

Lack of space prohibited showing these data graplli- 
cally for the other stations, but the data themselves tire 
given in tabular form in Table 3. The column hendings 
in this table are explained RS follows: Column headed 

ives the surface direction for which wind direction ” 
the correlation coe k cient was comuuted. In cases where 

niore than one direction occurs, an insufficient number 
of observations from the cardinal dire.ction, i. e., N., S., 
E., or W.,. was available and the adjacent directions were 
therefore included; thus, extreme directions only of such 
groupings are indicated; n. indicates the number of obser- 
vations u on which the correlation coefficient is based, 
r sliows t i! e correlation coefficient and ita probable error, 

tained graphically by drawing t % e regression line on 

wind velocity aloft and is that value 
ession equation shown in this column, 
surface wind velocity. No regression 
for correlation coefficiente less than 

0.50, as previously explained. 
Figure 3 sliows how these corn utations may be ob- 

coordinate paper. The line in the figure is that for 
south surface winds a t  Dresel, Nebr., for sprin and 
winter when surface velocities were correlatef with 
those at  1,000 meters above sea level. For example, 
to .find the upper velocity with a surface velocity of 
5.7 m. p. s. from the south we find 8.7 on the horizontal 
scale and run up to its intersection with the regression 
line and read across on the vertical scde 17.1 m.p.s., 
the same as is obtained when 8.7 is substituted in the 
re ressioii equation y =  1.45z+ 4.5. It will be noticed that for Dresel and Ellendale the 
1,000 meter (M. S. L.) level was chosen while for the 
other stations, t.ho 750 meter (M. S. L.) level was taken. 
This was done because of the difference in elevation above 
sea-level of the stations themselves. Thus for the three 
lower stations the 750 meter (M. S. L.) level is prac- 
tically the slime height above the s.urfa,ce as the 1,000 . 
meter 1M. S. L.) level is above the surface a t  Drexel 
and Ellendale, the higher stations. 

A few remarks regardine the interpretation and 
significance of correlation coekcients and their reliability 
as niensures of relationship seem appropriate. 

The function of the correlation coefficient is that of 
an index of the estent to which the relation between 
certain data may be represented by a straight line. 
A low correlation Coefficient must not necessarily ‘be 
interpreted to mean no relation, but that if a relation 
exids it is either small or is not well represented by 8 
straight line.” The value by the very nature of the 
equation it,self can never be greater than unity, i. e., + 1 and - 1, indicating perfect correlation, positive .in 
the first, case and negative or inverse in the second, whle 
0. indicates no correlation. The following rules will 
assist in giving a eneral idea of the interpretation of 
the correlation coe k cient, r, according to its relation to 
its probable error. 

1. If r is less than the probable error, there is no evi- 
dence whatever of relation. 
3. If T is more than 6 times the probable error, the 

existence of correlation is a practical certainty. 
3. When the probable error is relatively small a value 

for r of less than 0.30 can not be considered to indicate 
correlation at  all marked, while a value of more than 
0.50 is evidence of good correlation. Mr. W. H. Dines, 
of the British Meteorological Office, points out, however, 
thnt in forecasting one variable in terms of the other, too 
much dependence should not be placed on a correla- 
tion coefficient as low as 0.50, even though the robable 
error is relatively small. He shows that, “If ttere is a 
cause A and a result M with a correlation r between them, 
then in the long run A is responsible for 9 of the varia- 
tion of M.”’* Obviously, then, on the average, with a 

8 Marvin C. F la. eit. 
10 Yule, tr. V, ia. cit. 

11 M.1orvin C P. Mo. WEATHER REV. Octolmr, 1910,44:580. 
1% Mtfrordloghal Maflzinc, February, 1921, p. 2u. 
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correlation of 0.50, only 25 per cent, i. e. (0.50),2 of the 
causes of the changes in the variable can be attributed 
to the correlated associate. 

The strikin feature shown in Figure 1 for Drexel and in 
Table 2 for 3 1 stations is the generally high correlat.ion 
existing between the velocities at  the surface and those 
between 500 and 600 meters above. The coefficients 
indicate a somewhat better relation during the spring 
and winter than during the summer and autumn. Groes- 

I 
_. .. 

-1 4 -I4 

The correlation coefficients for 3,000 meters were com- 
puted for Drexel and Ellendale, there being too few 
observations at the other stations for this purpose. No 
values as high as 0.50 were found, but the west surface 
winds at  Ellendale for spring and winter gave a surpris- 
ingly hivh vdue of 0.44 ~0.08. A significant feature of 
nearly a71 t,he values for this level was the estremely low 
degree of correlation, some directions indicating zero 
while others showed a small negative value. 

A > E s / n u a L s  
FIG. 2.-Frequent?y polygon showing the distribution oI  tlie residnals. m. p. s. (computed minus observed velwitier). 

beck, the station farthest south, shows the least correla- 
tion for this level, the coefficients being less than 0.50 
for all directions, except north for both periods and 
west for spring and winter. 

The 2,000 meter level does not indicate nearly as good 
correlation as does the lower level. This is to be es- 
pected, since the wind at the hi her levels becomes more 

not influence the win (9 s a t  the surface to such a great 
extent. The south surface winds at Uresel for this 
level maintain high correlation coeficients for both 
periods, and the same is true for these winds at  Broken 
Arrow for the s ring and winter. Groesbeck has D 

spring and winter for this l e d .  

and more influenced b other f actors, which in turn do 

significant value r or north and west surface winds for 

98188-22-3 

PROBABLE AC!CURACY TO BE EXPECTED. 

When using equations such as these there is always a 
degree of uncertainty as to the correctness of the com- 
puted result in individual cases. Statistics furnish 
various methods of determining the probability within 
certain liniits of accuracy when tlie data fall in the cate- 
gory of noinal distributions. Attempt will be made to 
show to what est.ent this is true in our study. 

The wind aloft was computed from the surface relocity 
by the regression equation whenever the latter was 
detmninecl. The residuals of these computed velocities 
were then found by subtrac.ting the observed from the 
computed. These residuals for the winds of the various 
directions were then charted as a histogram, and it was 
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found that the different groups were nearly identical as 
to distribution. The data were therefore re arded as 

was made of alf Figure 

(2,522) included in 
tTpical and repre- 
distribution is not 

curve of best 

30 
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FIG. 3.-Example of graphical repr&?mtotlon of regression equatlon. 

curve and the actual.data are nearly equal we may con- 
clude that the data are comparatively elemental, although 
sli htly askew. 

f n  addition, it has seemed sufficient to draw by free- 
hand a smooth asymmetrical curve fitting the observed 
data as close1 as possible, in order to show the proba- 

d e  sipi6icant fact brought out by this fre uency 

wit E small residuals and the extremely small percentage 
having large residuals. 

bilit of resi B uals of different magnitude. 

pol gon is the large proportion of computed ve P ocities 

The following values from these residuals were com- 
puted: Brithnietic mean (disre ardin signs), 2.8, median, 

of all plus and minus residuals ,were nearly e ual, viz, + 3557 and - 3534, respectively. This small 1 8erence 
seems negligible. The number of plus residuals disre- 
garding their size show a decided reponderence, amount- 
ing to 55 per cent of the total. TRis is apparent from the 
skewness exhibited in the graph. The reason for this 
skewness is not certain but seems robably to be a result 
of the dist.ribution of t8he observe c r  upper wind velocities 
with respect to their arithmetic means. These winds 
distribute thenuelves as do a number of meteorologkal 
phenomena, such as rainfall,. tem erature, etc., with a 

gution is to he espected in such cases, since a few ex- 
t>remely lttr e plus departures necessaril tend t.0 raise 

negative departures of greater magnitude than the mean, 
thereby causing a preponderance of negative values. It 
was found that 55 per cent of the departures of t.he ob- 
served wind velocities with respect to their means were 
negative and since the residuals shown graphicallr in 
Figure 2 were found by subtructin the observed irom 

preponderance should result, viz, 55 per cent plus 
residuals, or similar to what was found. This is offered 
merely as a possible reason of this skewness but the true 
esplanation is not certain. 

After ilot bdloon records have been incorporated into 
this stu B 7 and the number of stations consequently in- 
creased, it will be possible to establish zones in which 
these equations will be applicable; but until this is done, 
the use of the equations is limited to the general vicinity 
of the five kite stations, except in so far as interpolation 
is possible between them. 

zero class, mode, + 2  class. I ! ?  t was ound that the sums 

reponderence of values less than t R e mean. This distri- 

t,he vdue o f  tlie mean while it is inipossi g le to have any 

the computed velocities, it  seems k ikely that an equal 

CONCLUSION. 

It ap ears from the above discussion to be entirely 
practica YI le to expect reasonably accurate results in com- 

uting wind velocities aloft by the regression equations 
!or those directions indicating a signdkant correlation 
coefficient. If results are deslred in miles per hour, the 
conversions should be made after all the computations 
have been made using meters per second. 

It seems possible that, when pilot-balloon observations 
are impracticable, a ood estimate of the upper winds 

com utations are performed by substituting the surface 
win a velocity (m. p. s.) for 2, m the particular equation 
for the prevailing surface direction, and solving for y, the 
velocity aloft. These e uations for their respective 

increasing amount of observationJ data available, the 
application of statistical treatment should prove of 
practical value in many wa s 

Acknowledgment is due b. Edgar W. Woolard for 
information re arding statistical methods and to the em- 
ployees of the 1 erological Division for assistance rendered 
in checking tlie large amount of computational work. 

may be obtained by % t e use of these equations. These 

directions are iven in Ta Y, le 2. The erratic conditions 
found aloft wit % certain winds is full realized but with an 
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nuw.-nne ..... 38 0.32f0.10 .............. 
ne.-se 23 .19* .I1 
see.+ .......... 60 .52f .OB 0.982+4.1 
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TABLE 2.-Correlation coeficients mid rdated data for iwioiis stations and eleeatioiu. 

DRESEL, NEBR. (.39G METERS ABOVE SEI-LEVEL). 
___ ~ - - -  ___ _-_ .______ 

I 1,oOO meters (11. S. L.). i 3.000meter.9 (M. S. L.). j 3,000 meters (M. s. LA 

. 951+4.2 sse.-s. ......... ........ ........... .._I sw.-nw 

I (  
SurIwwiild Surface wiud n. 

! directinn. I 91. I r .  I q 1 dlrection. I ---I - 
I-. 

Reason. 
! direction. 

I . 1 

98 .43f . OB .............. zs ~ 7 *  .12 . .............. 

11 ............. 91 
ene.-ese.. ..... s6 
s .............. 77 
WSW.-w ....... n7 
II .............. 61 
eiie.-ese ....... d 
s .............. 133 
wsw.-wlIw.. 7s 

.................... 

................. 

Spring and winter. 

.. 
Suinnier and autumn. 

n n w m n e  __.._. 
ne.-se ......... 
sse.-ssw ....... 
sw.-nw ........ 
nnw.;uiie.. ... 
ne.+e.. ....... 

11 ............. 91 
ene.-ese.. ..... s6 
s .............. 77 
WSW.-w ....... n7 
II .............. 61 
eiie.-ese ....... d 
s .............. 133 
wsw.-wlIw.. 7s 

.................... 

................. 

Spring and winter. 

.. 
Suinnier and autumn. 

93 
W 

121 
I 
61 
76 

0. +O. 01 
.r3f .OR 
.70f .oL 
.50f .05 
.3& .07 
.G* .M 
.4?* .IN 
.75f .a? 

O.54hO.W - .OB* . 11 
.20+ .07 . 60k .M .a* .10 
.39* .OB 
.29* .OB 
.30* .OB 

1. %1+5.9 
1.4*+3 3 
1.4.%+4.5 
.W1+7.1 

~ 

1.102+5.7 

.............. 
1.121+7.1 

.............. 

.............. .............. .............. .............. 

.i..iGT3..i.l 

I.931+?. 1 
............ I 

n ............. 
eire.-ese.. ..... 
s.-ssw.. ....... 
w.-wuw.. ..... 
IIIIW.-ll.. ...... 
s 
eiie.-ese.. -. . _ ,  

wsw.-wnw.... 
.............. I 

0. %*O.RQ .a* .as 
.60* .01 .nk .07 .a* .a5 
.4& .07 
.If .04 
.25f .Os 

nnw.-n.. ..... 
ne.-se.. ....... 

iinw.-n.. ...... 
ne.-se.. ....... 
s.*e.-ssw.. ..... 
wsw.-wnw. ... 

S.-sSW.. ....... 
WSW.-WIlW.. .. 

93 
57 
93 
93 
92 

a2 
u1 

m 

I I  I I ,  I I 

ELLEND-\LE, N. DAP. (444 METERS ABOVE REA LEVEL). 

r.  

0.23fO.07 
.13f .OB 
.Ol* .07 
.1Sf .a7 
.32f .OB . M)f .I5 
.Uf .oL 
.35* .OB 

I 0.35fn.07 I .............. I niIw.-Iine. .... t 51 o.a*o.a% 
sse.-ssw 63 - .Mf .as ............. I wsw .-WII w...! I1 I .4kk .Ox 

Spring and winter.. ................... .1Yf . 09 I.. ............ ne.-se.. ....... !22 .12* .14 

........ .............. nnw.-me. .... i 12 .14* . I U  

............... ....... 

Summer wid :uilirrnn .................. iie.-se ......... I 105 1 .47f .&5 I.. ............ ne.-se ......... I 7.1 .2S; :g I... ........... ne.-sc ......... I 31 ......... ......... sse.-ssw i s.-s>w I 1 1 8  . O I *  . W  1 l.m+:j.I S.-SSW .............. ....... I 76 ....... . I ! w.-WIIW {I I 73 j .67f M . 1. 2 w - 4 . o  wsw.-wIIw.. . .I 5 I :3s* .w i ............. .I WSW.-mW. ... 
.Hi .I1 
.lS* .M 
.!a* .a5 

I I  I I 1  I t  1 -  

BROKEN ARROW, OKLA. ( 3 3  METERS ABOVE YEA LEVEL). 
. - . -- 

750 meters (hl. s. L.). I 2,000 meters (M. S. L.). i 
Reason. 

. ........ ............ .- 

y. I-. I Y. Surfnce wind 1 )l. 1 
dlrection. 

I I  
Siirfsee wind I 

directinn. i 1 r. 

.... 
Spring and winter ........................................................ 

....... ................................................... .............. 41 ...... I 33 
Slimmer and aiituum.. 

0. oo* 0. a5 .&* .os 
.65f .03 
.52f .07 
.57* .ns 
.59f .oL3 
.57* .05 .a* .09 

DROESBECK, T E S .  (141 METERS ABOVE REA LEVEL). 

Spring nnd win1 er... .................................................... 

Slimmer and autumn.. ................................................. 

0. MfO. OI 

.43f .05 

.Sf .Mi 

.5?f .Mi 

.42f .oO 

.M* .05 

.37* .os 

.31* .07 
1.04rf2.6 .............. .............. 1 .771+7.1 I 
.562+3.5 .............. .............. I 1  .............. 

nw.-nne ....... ! 72 
ne.+ ......... I 38 
S.-sEW ......... %I 
sw.-nw ........ 5.5 
nw.-nno ....... 34 
ne.-se... ...... 41 
sserssw ....... 1 ~9 
sw.-nw ........ 42 

ROYAL CENTER. IiiD. (225 METERS ABOVE SEA LEVEL). 

,I nnw.-line. .... I 25 I 0.70fO.M I 1.212+1.4 I Toofewobser- 1 ...... I ............................ I 
Spring and winter ......................................................... ne.-se.. ....... 65 ....... 59 

WSWrWIlW.. .. 
nnw.-iine. .... 

Siinimer slirl autumn.. ................................................... ne.-se.. ....... 59 

WyYW.-WIIW.. .. 99 
11 sse.-ssw ....... 1 75 

vatlonu. 
.47f .07 .............. ne.-se.. .............. 

.36f .os .............. 

.30f .07 .............. 
.49f .09 .............. Toofewobser- 

vationr. 
: . I3  I .............. ~ - .  

.53f .06 1.0&+3.5 ne.-se ......... 

.66f .oL 1.4&+2.S sse.-ssw .............. ....... 

.45f .ai ............. , wsw.-wnw.. .. .............. 


